MicroRNA (miR)-143 and miR-145 have been identified as molecular regulators in cell proliferation, cell growth, clone formation, apoptosis, cell cycle, invasion, and migration. We previously found that rs353292 in the flanking region of miR-143/145 showed a high frequency in patients with colorectal cancer (CRC). To identify whether the rs353292 polymorphism is a risk factor for CRC, we conducted this study with larger samples. A total of 809 patients with CRC and 1005 gender matched controls were collected. The rs353292 polymorphism was genotyped by using TaqMan allelic discrimination. Dual luciferase reporter assay was carried out to measure the transcriptional activity. We found that the rs353292 polymorphism was associated with an increased risk for developing CRC in heterozygous comparison (adjusted OR = 1.70, 95% CI, 1.32-2.20, P < 0.001), dominant genetic model (adjusted OR = 1.62, 95% CI, 1.26-2.09, P < 0.001), and allele comparison (adjusted OR = 1.46, 95% CI, 1.16-1.84, P = 0.001). The rs353292 CT/TT carriers exhibited a lower expression of miR-143 compared to the CC carriers (P = 0.04). Moreover, the pGL3-rs353292T displayed a significantly lower luciferase activity than pGL3-rs353292C (P < 0.01). These findings indicate that the rs353292 polymorphism is functional and may be a risk factor for the development of CRC.
including proliferation, invasion and migration, suggesting a potential possess of anti-tumorigenic activity. With regard to the regulation of miR-143/145, previous reports have shown that KRAS, Ras responsive element binding protein 1, serum response factor, and myocardin can regulate the expression of miR-143/145 by altering the transcription of target genes [11] [12] [13] . Single nucleotide polymorphisms (SNPs), the most common type of genetic variation in human genome, was estimated to disrupt the process of miRNAs, and thus influence their expression. Recently, we discovered several SNPs in the flanking region of miR-143 and miR-145 cluster. Among them, rs353292, located in 673 bp upstream from the start site, was related to an increased risk of CRC 14 . Since the sample sizes are limited in our previous study 14 , in this study, we replicated the relationship between the rs353292 polymorphism and CRC risk by enlarging sample size. Moreover, dual luciferase reporter assay was used to examine whether the rs353292 polymorphism can affect the transcriptional activity.
Results
Association of the miR-143/145 rs353292 with risk of CRC. Demographic and clinical characteristics for all the subjects are listed in Table 1 . The mean age (± SD) of the cases was 61.0 ± (12.7) years, which was higher than the controls (P < 0.001). There was no significant difference in gender distribution between cases and controls (P = 0.10).
The genotype distributions in the control group followed the HWE (P = 0.09). As shown in Table 2 , a significant difference in genotype and allele distributions of the rs353292 was found between cases and controls. A significantly increased CRC risk was found to be associated with CT genotype compared to CC genotype (adjusted OR = 1.70, 95% CI, 1.32-2.20, P < 0.001). The CT/TT genotype carriers had a 1.62-fold increased risk of CRC compared to CC genotype carriers (adjusted OR = 1.62, 95% CI, 1.26-2.09, P < 0.001). Additionally, the rs353292T allele was associated with a significantly increased risk of CRC compared to C allele (adjusted OR = 1.46, 95% CI, 1.16-1.84, P = 0.001). Stratification analyses were done according to different variables, including differentiated status, clinical stage, and lymph node metastasis. Nevertheless, no significant association was detected between the rs353292 polymorphism and clinical features (Table 3) .
Variables
Cases n = 809 (%) Controls n = 1005 (%) Association of the rs353292 with the expression of miR-143/145. We detected the expression of miR-143 and miR-145 in both CRC tumors and noncancerous tissues. As shown in Fig. 1A ,B, levels of both miR-143 and miR-145 in CRC tissues were dramatically lower than those in noncancerous tissues (P < 0.001). Furthermore, we analyzed the association between the rs353292 polymorphism and the expression of miR-143 and miR-145 in CRC tissues. We found that the expression of miR-143 in rs353292 CT/TT carriers was significantly lower than that in CC carriers (P = 0.04) (Fig. 1C) . However, no significant correlation between the rs353292 polymorphism and the expression of miR-145 was found (Fig. 1D ).
Dual Luciferase Reporter Assay of the miR-143/145 rs353292 polymorphism. After transient transfection of miR-143/145 flanking region into HCT116, HeLa, and A549 cells, the transcriptional activity was a significantly higher compared to empty plasmid (P < 0.01) ( Fig. 2A) . To further investigate the effect of the rs353292 polymorphism on the transcriptional activity, we constructed two plasmids: pGL3-rs353292T and pGL3-rs353292C. As shown in Fig. 2B , the pGL3-rs353292T showed a significantly lower luciferase activity than pGL3-rs353292C (P < 0.01). In HCT116 cells, the rs353292T displayed a 0.45-fold decreased activity compared to the rs353292C (P = 0.009). Similarly reduced luciferase activity was also observed in HeLa and A549 cells, with a fold change of 0.57 and 0.17 (P = 0.004 and P < 0.001, respectively).
Discussion
We performed a case-control study evaluating the relationship between the rs353292 polymorphism in the flanking region of miR-143/145 and CRC risk. We found that the rs353292 polymorphism was associated with an increased risk for developing CRC in heterozygous comparison, dominant genetic model, and allele comparison. The rs353292 CT/TT carriers exhibited a lower expression of miR-143 compared to the CC carriers (P = 0.04). In vitro analysis showed that rs353292T exhibited a lower transcriptional activity compared to rs353292C. These findings suggest that the rs353292 is functional and may be used as a biomarker for the risk of CRC.
MiR-143 and miR-145 are located on chromosome 5q33.1 in human genome and are speculated to be cotranscribed as the same bicistronic unit 15 . These two miRNAs have been studied extensively and have been identified as "tumor suppressors" in varieties of cancer types, including CRC 8, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Downregulation of these miRNAs has been reported in both CRC tissues and CRC cell lines [16] [17] [18] [20] [21] [22] [23] [24] [25] 28 . Such abnormal expression can regulate cell proliferation, cell growth, clone formation, apoptosis, cell cycle, invasion, and migration by targeting lots of genes such as metastasis-associated in colon cancer-1, insulin-like growth factor 1 receptor, DNA methyltranferase 3A, paxillin, toll-like receptor 2, fascin-1, and KRAS [16] [17] [18] 20, 21, [23] [24] [25] . Furthermore, miR-143 can reduce viability and increase the sensitivity of CRC cells to 5-fluorouracil via extracellular-regulated protein kinase 5⁄nuclear factor-κ B signaling pathway 26 . These findings indicate that miR-143 and miR-145 may be used as not only anti-oncogenic genes but also therapeutic targets for CRC.
Recently, several SNPs in the flanking region of miRNAs have been reported to alter individual's susceptibility to cancer. Among them, an SNP rs4938723 in the promoter of pri-miR-34b/c was the mostly studied, which was reported to be related to the risk of a series of cancer types, such as colorectal cancer 29, 30 , hepatocellular carcinoma 31 , gastric cancer 32 , renal cell cancer 33 , esophageal squamous cell carcinoma 34 , nasopharyngeal carcinoma 35 , papillary thyroid carcinoma 36 , and cervical cancer 37 . Other SNPs included rs10877887 in the promoter of let-7, rs2296616 in the promoter of miR-107, rs999885 in the promoter of miR-106b-25 cluster, and rs4705342 and rs4705343 in the flanking region of miR-143/145, which were reported to be associated with the risk of papillary thyroid carcinoma 38 , lung cancer 39 , gastric adenocarcinoma 40 , hepatocellular carcinoma 41 , prostate cancer 42 , and cervical squamous cell carcinoma 43 . In our previous study, we reported a new SNP rs353292 in the flanking region of miR-143/145 and the rs353292T allele was a risk factor for the development of CRC 14 . In this replication study, the same positive effect was also observed. In agreement with the association study, functional analysis revealed that the rs353292T allele had a reduced transcriptional activity in vitro. These findings indicate that the rs353292T allele may result in lower transcriptional activity and reduced level of miR-143, and eventually increase the risk of CRC. Since DNA for the case group was extracted from paraffin-embedded specimens and DNA for the control group was isolated from peripheral blood samples, we cannot exclude the possibility of heterozygote between cases and controls. And thus confirmation studies should be performed using peripheral blood samples from both case and controls. Moreover, the mean age in the controls was lower than that in cases, which may result in unreliable results due to selection bias. After adjustment by age and gender, however, the positive results were still observed, suggesting the results may be reliable. Well-designed studies are of great importance to verify these findings, especially in other ethnic groups.
In conclusion, we provided the first evidence that the rs353292 in the flanking region of miR-143/145 may modulate transcriptional activity, and finally affect individual's susceptibility to CRC. This work may help us achieve a deeper insight into SNPs in the flanking region of miRNAs relevant to the carcinogenesis of CRC. In the future, in vivo experiments using transgenic mice will be valuable to analyze the rs353492 polymorphism in the risk of CRC. 
Materials and Methods

Ethics statement. The study protocol was approved by the Ethics Committee of the West China Second
University Hospital (Ethics number: 028), and informed consent was obtained from all subjects. All the experiments were performed in accordance with the approved guidelines.
Study population.
A total of 809 paraffin wax-embedded CRC samples were consecutively recruited between January 2012 and October 2014 from the Affiliated Hospital of North Sichuan Medical College. Seventy-one fresh CRC tumor tissues and adjacent non-tumor tissues were collected from the Luoyang Central Hospital Affiliated to Zhengzhou University. All patients were diagnosed by histopathological confirmation. Clinical information was collected on age, gender, ethnicity, differentiated status, tumor size, lymph node metastasis, and distant metastasis, through a review of pathological and/or surgical reports. Clinical stage was estimated based on TNM classification. Patients with an evidence of personal or family history of inflammatory diseases or cancer in the intestine were excluded. The control group included 1005 healthy subjects from the hospital for a routine checkup at the same period. All the controls were gender and ethnicity matched to cases.
Genotyping. For the case group, genomic DNA was extracted from paraffin wax-embedded sections; for the control group, genomic DNA was extracted from EDTA-anticoagulated peripheral blood, using commercial extraction kits (Qiagen, Hilden, Germany; Biobeke, Beijing, China). The rs353292 polymorphism was analyzed by using TaqMan allelic discrimination. The SNP assay was validated by sequencing about 5% of all samples, and the results were 100% concordant.
RNA extraction and quantitative reverse transcription-PCR assay. Total RNA of tissue samples was extracted using TRIzol reagent according to the manufacturer's instructions (Roche, Indianapolis, IN). 1 μ g of total RNA was reverse-transcribed to cDNA according to the manufacturer's manual of a commercial kit (Ribobio, Guangzhou, China). MiR-143/145 primers were purchased from Ribobio company (Guangzhou, China). Quantitative real-time PCR was performed using a SYBR green Master Mix (Qiagen, Hilden, Germany). The reaction conditions were as follows: 95 °C for 10 min, 95 °C for 10 sec, 60 °C for 20 sec, 70 °C for 10 sec (40 cycles). All reactions were performed in triplicate. Data were normalized using comparative threshold cycle method and U6 for normalization.
Construction of reporter plasmid. Detailed information for constructing reporter plasmids was described in our previous study 43 . Briefly, the fragment containing rs353292T was synthesized by PCR with primers 5′ -AGTGGTACCGCCGTGGAGAGTGGAATAGA-3′ (forward) and 5′ -GTGAAGCTTCCA ACTGACCAGAGATGCAG-3′ (reverse). The primers were designed to incorporate KpnI and HindIII restriction sites, and the PCR product was cloned into the pGL3-basic vector (Promega, Madison, WI). The rs353292C allele was obtained by using a QuickChange Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA), and the mutation primers were as follows: 5′ -GAAATATCCAGAAAATATACAGACAGATCTATAGAGATA-3′ (forward), and 5′ -TATCTCTATAGATCTGTCTGTATATTTTCTGGATATTTC-3′ (reverse). All constructs were confirmed by direct sequencing (TsingKe, Chengdu, China). We named the generated reporter vectors of pGL3-rs353292T and pGL3-rs353292C, respectively. Transfection and dual luciferase reporter assay. HCT116, HeLa, and A549 cells were obtained from our laboratory. All the cell lines were plated on 24-well plates at a density of 1 × 10 5 cells/well. The cells were transiently transfected for 48 h with 2 μ g pGL3-basic vector DNA or pGL3-rs353292T or pGL3-rs353292C using X-treme GENE HP reagent (Roche, Indianapolis, IN). According to the manufacturer's protocol, 40 ng pRL-TK vector DNA (Promega, Madison, WI) was co-transfected as an internal control. The luciferase activities were measured on the Dual-Luciferase Reporter Assay System (Promega). The experiment was performed in triplicates and the results were reported as mean ± standard deviation (SD).
Statistical analysis.
The age distribution between the cases and controls was assessed using Student's t test and the gender distribution was compared using chi-square test. Hardy-Weinberg equilibrium (HWE) was tested using chi-square test. The genotype and allele frequencies of the two groups were compared with chi-square test, and the relative risk was estimated by odd ratios (ORs) and 95% confidence intervals (CIs). The association between the rs353292 polymorphism and CRC was adjusted by age and gender using logistic regression model. The levels of luciferase reporter gene expression were examined using Student's t test between different constructs. Statistical analyses were performed using the software Statistical Package for Social Science (SPSS) for Windows, version 19.0 (SPSS, Inc., Chicago, IL). A P value < 0.05 was considered statistically significant.
